S
anborn Field was established in the fall of 1888 on the University of Missouri campus in Columbia, MO with the seeding of winter wheat (Triticum aestivum L.). Th is establishment was in response to an observed decline in crop yields in a relatively short period of time aft er breaking the prairie sod in central Missouri (Anonymous, 1888) . Originally termed the Rotation Field by Dean J. W. Sanborn, the overall goals for establishment of the Field were to assess the benefi ts of rotating crops and the application of barnyard manure on crop production. One of the overall goals was to portray cropping management practices which would increase soil organic matter (SOC) and the associated N for crop growth. In his fi eld notebook, Dean Sanborn recorded the initial intent of the fi eld was "designed to show the value of various rotations; of constant tillage crops on soil fertility; of chemicals fed according to crop analysis to the necessity of rotation; and of various crops unmanured to soil fertility, etc.; etc."
In essence this fi eld was a precursor of a long-term sustainability study (Brown, 1994) . Although it was not expressed in the historical records, there were implications that the experiment was set up to be of one or two crop rotation cycles duration and would then be terminated. Much of the impetus for maintaining the fi eld have been to determine the aff ects diff erent management schemes have on the properties of the soil and subsequent crop yields. Th e longevity of the research on Sanborn Field has made it the third oldest research fi eld in the world. Th e Field consists of 44 separate plots with each plot's area (except Plot 24) consisting of approximately 0.29 ha and measuring 30.55 by 9.42 m ( Fig. 1 ) Plots numbered 1 to 7 and 9 to 39 are managed in ongoing historic monoculture or rotation crop systems. Plots 40 to 44 are used for other research, teaching, and demonstration projects. Plot 45 was planted to native warm season grass in 1990 and continues presently in this management scheme to assess carbon sequestration. Th ese plots are not replicated as Brown (1994) has stated that the Field was established before Fisher statistics.
Th e basic objectives for Sanborn Field are (Upchurch et al., 1985) : (i) to maintain Sanborn Field as a research fi eld laboratory for determining long-term eff ects of crop and soil management on chemical, physical, and biological properties of the soil, (ii) to display the eff ects on soil productivity, of historical and modern methods of soil management applied to various cropping systems. Th e eff ects will be documented by crop yield and composition relative to crop performance in relation to growing conditions, and by measures of chemical, physical, and biological soil characteristics; (iii) maintain a historical fi eld for collecting soil and plant samples systematically that relate to soil and environmental conditions, and (iv) maintain the vitality of management systems by initiating at appropriate time, practices that have long-range implications relative to soil changes. Th e objectives are a guide for four primary uses: research, documentation, demonstration, and teaching.
Th e utilization of these objectives, the archiving of historic soil samples, and the cropping management changes to parts of the original plot plan make Sanborn Field a logical area to assess the long-term infl uence of biomass removal for biofuel production on long-term SOC levels and associated soil quality indicators.
During the fi rst 35 yr of research on Sanborn Field and other experimental fi elds almost all of the plots had losses of N. From this setting Wagner and Smith (1960) discussed that the philosophy of management of Sanborn Field shift ed to the turnover of soil organic matter and N supplies relative to soil productivity. In his classical work with cultivation of prairie soils, Jenny (1933) summarized that cultivation decreased soil N by 35% over 60 yr of cultivation. Work by William Albrecht followed by Woodruff (1950) provided a soil N decay curve which indicated that the soil organic fraction reached an equilibrium level under a cropping system with specifi c management inputs such as residues, fertility and amendment additions, and tillage activity (Wagner, 1989) . Th is early work on soil C was based on a management program which removed residues aft er crop harvesting. Th e initial philosophy of the Sanborn Field management program was to simulate the removal of residues for forage by the dominant animal agriculture at the time. In 1950 under the direction of George Smith, major changes in cropping management treatments occurred with many of the plots. Two of major changes were residues were returned to the plot of origin and the greater use of N fertilizers (Brown, 1994) . Little data beyond yields result were compiled immediately aft er this major change in philosophy (Brown 1994) . Conceptually, based on soil measurements of initial studies on Sanborn Field, new equilibrium levels of SOC should been apparent. However, there is no data to support that concept. Wagner (1989) contrasted soil C analyses with the earlier soil N studies to confi rm that an equilibrium level for soil organic matter developed in 30 to 40 yr and is unique for each specifi c set of management parameters. Th e 13 C work of Balesdent et al. (1988) was used to diff erentiate between the virgin prairie and cultivated crop sources of SOC to the organic pool within Sanborn Field soils. A large portion of the prairie C was readily decomposable with a half-life of 15 to 20 yr. However, the prairie C also provided a very stable C pool which was more than half of the current level C. Th is fraction was found to have a turnover time of approximately 1000 yr. Th e C from the cultivated crop sources was found to reach an equilibrium level aft er 30 to 40 yr. Wagner (1989) further stated that the present day C turnover in these cultivated soils was primarily from the crop source pool. He also reported the SOC from crop origin was determined to be relative stable from 1915 through 1962 . By 1975 , Wagner (1989 reported an increase in crop C for fertilized wheat crops. He attributed this increase to the return of residues to the given plot in 1950. His assessment of wheat (Triticum aestivum L.) straw inputs found a release of 46 g C/m 2 per year in the upper 20 cm of soil with a net humifi cation rate of about 37 g C/m 2 per year from 1928 through 1950. Aft er the return of residues, Wagner (1989) observed an additional contribution of 38 g C/m 2 per year such that the net input would provide an annual addition of approximately 30 g C/m 2 per year over net mineralization loss.
Only in the recent history of Sanborn Field has work been performed relative to parameters that assess soil health, soil quality, and microbial activity to qualitative parameters. Work by Martynuik and Wagner (1978) showed that monthly microbial counts increased 10-to 40-fold in bacteria and actinomycetes when crop residues and/or manures were returned and incorporated into the soils on plots that had been untreated since 1888. Eivazi et al. (2003) found that activities of fi ve enzymes were signifi cantly and positively correlated with increases in SOC. Additionally, enzyme activity was significantly greater for continuous no-till corn than conventional tillage continuous corn production. All fi ve enzyme activities were signifi cantly large in treatments that received manure regardless of crop type relative to fertilizer inputs (Eivazi et al., 2003) . Jordan et al. (2004) assessed the infl uence of cropping systems and management on earthworm (Lumbricus terrestris) populations and microbial activity of selected plots with sampling in the spring and fall seasons. Microbial activity was largest during the spring season. Manure treatments, no-tillage, and crop rotations which included legumes possessed the greatest earthworm abundance and microbial activity. Earthworm activity was signifi cantly lowered in treatments with no fertility or if food sources were lacking. Microbial activity trends refl ected those of earthworm abundance (Jordan et al., 2004) .
Th e objectives of this paper are: (i) to summarize the trends of SOC with depth with selected monoculture and crop rotation treatments during and aft er residue removal over the fi rst 100 yr of Sanborn Field and (ii) provide an assessment of present day SOC quality through seasonal assessment of AC.
MATERIALS AND METHODS
Th e soil resource on Sanborn Field (38º56´27˝N, 92º19´17˝ W) is primarily a Mexico silt loam (fi ne, smectitic, mesic Vertic Epiaqualf). Other soils that occur to a lesser extent include: Mollic Epiaqualfs and Cumulic Epiaquolls on the Field. Th e dominant mineralogy for these soils is smectite (Miles and Hammer, 1989) . Th ese soils are in USDA-NRCS Major Land Resource area 113 known as the central claypan till plains. Th e parent materials for this resource are dominated by loess over pedisediment over glacial till. Seedbed preparation on all plots except Plot 7 (no-till corn) is moldboard tillage to a depth of 20 cm each fall with a minimum of two passes with a disk harrow. On plots with no additions of manure no herbicides were used and weed control is by cultivation. Th e earliest archived available samples for the Field were a series of deep cores in 1915. Th e soil samples from the initiation of Sanborn Field in 1888 were either not collected or, if collected, not retained. Nearly every 25 yr (1915, 1938, 1962, 1988) , multiple deep core samples to approximately 1 m have been taken from each plot. In 1962 and 1988, these samples were taken according to a systematic plan with the location of each core accurately measured from the permanent plot markers. Th e next set of deep cores is scheduled to be taken in 2013. Samples from plot treatments and historical changes (if any) referenced in this SOC and AC study are presented in Table 1 . Th e three continuous cropping sequences were initiated in 1888 whereas the 3-yr rotations have been changed over the operation of the Field (Table 1) .
Soil samples for the selected plot treatments in this study were taken from 0-to 10-, 10-to 20-, 20-to 30-, 30-to 45-, 45-to 60-, 60-to 90-, and 90-to 120-cm depth increments for the 1915, 1938, and 1962 samples; whereas soil samples for the 1988 date were sampled at 10 cm intervals down to 90 cm. Organic C for these samples was measured with a LECO CR-12 carbon analyzer in the Missouri Soil Characterization Laboratory following method 6A2 carbon by dry combustion (Soil Survey Staff , 2004) .
For the AC study, surface soil samples (upper 10 cm) were selected for SOC and AC levels which were analyzed at the National Soil Survey Laboratory. Total C was also analyzed aft er the sample was ground up so that it could pass through an 80 mesh sieve [0.180 mm; method 1B1b2d1 (Soil Survey Staff , 2004) ]. Th e ground samples were then analyzed on an Elementar VarioEL III (Elementar Americas, Inc. Mt. Laurel, NJ) using dry combustion and thermal conductivity detectors for CO 2 gas generated by the process. Th e AC analysis used the Weil et al. (2003) procedure (method 6A2a1) using a centrifuge UV Visible Spectrophotometer to read the solution concentrations.
RESULTS AND DISCUSSION

Soil Organic Carbon
Th e long-term monoculture plots possess some striking differences in SOC contents with depth over time. Monoculture corn with no production inputs and with manure show distinct SOC patterns over time ( Fig. 2 ) with the control of no inputs possessing less SOC at most depth increments from 1915 to 1988. Th e control (Plot 17) exhibited slightly lesser SOC with time resulting from the initial residue removal in concert with no nutrient inputs. Th e 1988 samples to 60 cm exhibited the smallest SOC contents relative to other years at those depths. Even aft er the residue return initiated in 1950, SOC still decreased, likely from lack of nutrients. Th e manure treatment (Plot 18) exhibited a slight decrease in SOC with most depth increments from 1915 to 1962 followed by an increase in SOC in the upper 20 cm for the 1988 samples. Th is increase could be explained by the initiation of residue return to the plot in 1950 enhanced by the nutrients provided by the manure.
Soil organic carbon depth distribution patterns in the continuous timothy plots (Fig. 3) indicate a slower rate of SOC decline under the control treatment over time compared to other monocultures with an increase in the surface for 1988 than the early samples. Wagner (1989) noted the loss of prairie C over time was less under timothy than under continuous wheat because of the presumed lack of cultivation for timothy (Phleum pratense L.). Th e manure timothy treatment (Plot 22) exhibited a consistent SOC content with many depths from 1915-1962 with an increase in surface 1988 from 1962. Wagner (1989) noted an additional new input of SOC in the 10-to Table 1 . Plot numbers, cropping sequences, and treatments of Sanborn Field. Legend C = corn; O = oats, W = wheat, RC = red clover; T = Timothy; W(rc) † = wheat with red clover as a green manure; RC(w/L) = red clover with lespedeza; W(sc) † = wheat with sweet clover as a green manure.
Plot Cropping sequence
Years Treatment (fertilizer N-P-K in kg/ha per year) 20-cm depth of the manure treated timothy plot over earlier samples which does not show in this data. Th e return of residues in 1950 had little infl uence on SOC levels in 1962 SOC soil profi le distributions but can be attributed to the increase in both the manured and unmanured plots at the surface in 1988. Long-term SOC patterns in the control (Plot 9) and manure (Plot 10) monoculture wheat treatments (Fig. 4) show some of the same trends over time and depth as with the monoculture corn. Th e SOC depth distribution for the control exhibits a steady decrease for the upper 20 cm increment from 1915 through 1988 even aft er the addition of residues on the plot since 1950. Th e lack of plant nutrients from addition sources has likely contributed to the steady SOC decrease. Th e amount of residue produced was likely smaller than the humifi cation rate discussed by Wagner (1989) Two 3-yr crop rotations were used for this study. Th e corn (Zea mays L.)-wheat-red clover (Trifolium pratense L.) rotation was initiated on Sanborn Field for a variety of practical reasons such as grain, forage, and return of N for the following corn crop. Th e depth distributions of the SOC for treatments in this management scheme are presented in Fig. 5 and 6 . Figure 5 illustrates the SOC distributions for the three full fertility plots that since 1950 have been every crop every year (Table 1) . Th e plots in this sequence have preresidue return management histories of manure with lime introduced in the 1940s for Plot 1, full fertility for Plot 3, and "half" fertility of Plot 5 with various amounts of manure (Table 1) . Th e SOC profi le depth distributions illustrate similarities for each plot. Th e similarity and maintenance of SOC over this time could be attributed to this series of plots possessing the some of the larger nutrient inputs relative to many other plots on the Sanborn Field, thus maintaining consistent SOC levels.
Th e SOC depth distributions with time for other treatments of the corn-wheat-red clover rotation of Plots 25 through 28 are presented in Fig. 6 . Th e crop treatment management is the same crop grown for all four treatments in the same year. Th e manure treatment (Fig. 6, Plot 25) Soil organic carbon profi le distributions with depth over time for corn-soybean-wheat with red clover as a green manure during the wheat year are presented in Fig. 7 . Th e historical management of this sequence was a wheat-red clover rotation through 1927, a corn-soybean-wheat (sweet clover as a green manure through 1949 and a corn-soybean-wheat (red clover as a green (Table 1) . Plot 31 possesses a management history of manure followed by chemical fertilizer inputs and has been considered to be a full fertility practice (Table 1) . Plots 32 and 33 have similar management since 1928 except that Plot 32 has been limited to K inputs while 33 is limited in P inputs. Plot 33 initially possessed less SOC in the surface in 1915 than Plots 31 and 32 likely from the lack of inputs as the other two plots had received manure. Surface soil SOC contents in all three plots decreased from 1915 through 1962 with a slight increase in SOC in 1988 but not to the 1915 levels. Lack of K and P in the two respective treatments is a likely contributing factor for the lack of increasing SOC to 1915 levels even with both initiation of residue return and greater N inputs with the plot management in 1915.
Active Carbon
Removal of crop residues has increased the concern for a quantitative assessment of SOC relative to soil quality (Liebig and Doran, 1999; Wander and Drinkwater, 2000) . Active carbon measures permanganate-utilizable C and has been considered to be a proxy for soil quality (Gregorich et al., 1994; Blair et al., 1995; Islam and Weil, 2000; Weil et al. 2003) in that the labile C fractions are refl ective of recent biological activity, microbial biomass, and nutrient cycling (Weil et al., 2003) . Active carbon data from the 2008-2009 growing seasons for selected treatments on Sanborn Field for the 0-to 10-cm surface soils are presented for monocultures (Table 2 ) and a corn-soybean-wheat (red clover as a green manure crop) rotation (Table 3) .
Within the monoculture treatments (Table 2) , AC was greater for manure treatments than the control treatments over all sampling dates. Th e magnitude of diff erence between the corn and wheat crops was greater than for the timothy plots. Th e SOC values were relatively stable across the sampling dates for both manure and control treatments of all three crops. However, AC values were variable across sampling dates for both manure and control treatments. For the conventional tillage, full fertility monoculture corn SOC (Plot 6) was smaller than the no-tillage, full fertility monoculture treatment (Plot 7). Active carbon contents were larger for the no-tillage treatment than the conventional treatment for all sampling periods. As with the other monoculture treatments the AC was more variable than the SOC for the two tillage comparisons. Larger AC values usually occurred in the mid-summer season (June and July) than spring or fall seasons. Th is set of samples was a subset of samples collected in a national study with the National Cooperative Soil Survey Laboratory in which high variability was observed in the June-July sampling periods. Th is large variability was attributed to the AC pool response to enhanced microbial activity with elevated temperatures and soil moisture fl uctuations during active vegetative growth stages.
Soil organic carbon and AC levels for treatments within the C-SB-W (regret manure) are presented in Table 3 . As with the monoculture treatments, the SOC levels did not vary much over the sampling time period. Active carbon levels did vary with treatment and time period. Part of the variability can be attributed to the cropping component occurrence. For 2008 wheat with red clover as a green manure crop was grown in Plots 31 through 35; Plot 36 was seeded with wheat without red clover; Plots 37 and 38 both full fertility were in corn and soybean [Glycine max (L.)], respectively. For 2009, corn was grown in Plots 31 through 36; while Plots 37 and 38 were both full fertility treatments in soybean and wheat with red clover as a green manure crop, respectively. Overall, the full fertility and full fertility minus K plots with the wheat-red clover green manure followed by corn in 2009 had sustained AC levels comparable to their 2008 AC levels. Many of the other corn following wheat with red clover as a green manure crop had slightly lesser AC levels for the same cropping sequence. It should be noted that the manure and full fertility minus red clover treatments (Plots 34 and 36) possessed lesser AC levels over the sampling periods as well as lesser OC levels than the other treatments. Lesser total N inputs from the manure only and no red clover, respectively, during this sampling period may have contributed to the smaller AC values. Th e relatively large AC levels in concert with the moderate SOC levels of the control (Plot 35) do not fi t the trend relative to other treatments. As with the monocultures, the larger variability of the AC levels in this rotational sequence may be a result of the seasonal and climatic variability as well as the occurrence of a specifi c crop or treatment within the cropping rotation sequence for the individual plots within the sampling period.
SUMMARY
Th e seeding of winter wheat in 1888 and removal of crop residues through 1949 makes Sanborn Field a valuable historical resource to assess infl uence of residue removal for biofuel production on SOC and soil quality. Additionally, the return of residues aft er a long-term removal period provides some insight on the development of equilibrium SOC levels. Many of the same trends for SOC were observed for selected monoculture treatments for soil profi le samples dating from 1915, 1938, 1962, and 1988 . With the removal of residues up to 1949, SOC levels decreased in the surface soils of check treatments for continuous corn and wheat. Even aft er the return of residues in 1950, SOC in the surface soil did not increase in either the 1962 or 1989 samples. Th e lack of nutrient inputs was the likely reason for this constant decrease. Continuous corn and wheat with manure additions only showed a decline in SOC from 1915 to 1962 with an increase for the 1988 surface samples. Th is SOC increase in surface soils may be a result of the nutrients from the return of residues in concert with the manure. Th is increase falls within the 30 to 40 yr time frame for expression of soil organic matter equilibrium levels reported by Wagner (1989) . Monoculture surface SOC contents were greatest in the timothy plots. Wagner (1989) attributed the lack of cultivation with timothy for slowing the decomposition of the original prairie C thus SOC levels were more consistent or increased over time compared to other management treatments. Aft er the initiation of residue return in 1950, the manure treatments of monocultures nearly returned to 1915 SOC levels throughout many of the soil profi les whereas the control plots increase to 1915 levels. Th is increase is likely a result of the nutrients from the manure in concert with the return of residues which provide a small but steady increase in SOC in surface and near surface horizons. It is important to note that an increase in SOC did not happen within 12 yr (1962) aft er the return of residues in 1950 but in 1988. Th e work of Jenny (1933) , Woodruff (1950), and Wagner (1989) culminated in the hypothesis that aft er residue removal, an equilibrium for SOC may take 30 to 40 yr.
Soil profi le distribution of SOC in rotational plots is not as uniform in pattern as the monoculture plots. Th e short duration of some the early initiated treatments many have not provided enough time for the cropping treatment management practices to reach an equilibrium or steady state relative to SOC. Darmody and Peck (1997) summarized that applications of lime, fertilizer, and manure in rotational systems on the Morrow Plots to plots which previously had few or no production inputs gained noticeable SOC content as a result of larger amounts of plant residues and the additional N from the increased fertilization. Additionally, Darmody and Peck (1997) as well as Aref and Wander (1998) report that rotation length has a positive infl uence on SOC contents with increasing length. Th e Sanborn Field rotations studied did not have the consistent SOC patterns over time as the monocultures but did have larger surface SOC contents where greater manure and N inputs were applied.
Many other factors could have played and will likely continue to be playing confounding and strongly infl uencing roles on SOC contents and distribution over time in the soil profi les. First, genetic variability of seed sources has changed over the years. Hybrid corn replaced open pollinated corn aft er World War II (Brown and Wyman, 1989) . Th e goal of the management plan in the past was to replace hybrids or varieties every 12 yr so that with the employment of monocultures, 3 and 4 yr rotations, the same genetic material can be used over one rotational cycle before a diff erent genetic material replaces the existing one. With fast changes in hybrids available, this goal has not been attainable in recent years for many crops. Diff erence crop genetics can infl uence the total biomass production for both quantity and quality of both aboveground and root materials. Th e increased use of fertilizers since 1950 especially inexpensive N in conjunction with a changing crop genetic base which possesses diff erent effi ciencies of nutrient use, especially for N can, infl uence SOC contents as well as quality. Additionally, the composition of manure has changed over the years. Originally, "barnyard" manure was used on the Field. Th is material contained a large volume of small grains straw for bedding. Recent manure sources have been from confi nement animal operations which do not contain bedding and is more nutrient rich (unpublished data, 2000) .
With the removal of biomass from the soil there is concern for not only SOC quantity but also SOC quality relative to soil health and overall soil quality. One proxy for this quality parameter is active carbon. From a pilot seasonal sampling study to assess soil health, as OC increased, AC tended to increase but not at the same rate. Manure treatments provided greater AC levels than nonmanure treatments for many of the sampling. Th ose treatments that provide more biomass and higher quality biomass had larger AC concentrations. Seasonal fl uxes in AC concentrations were evident and were attributed to enhanced microbial activity with elevated temperatures and soil moisture fl uctuations during active vegetative growth as well as timing within the crop rotational sequence. More research and calibration are needed to understand the dynamics and relations of AC levels to soil quality and soil health considerations with SOM levels as infl uenced by longterm cropping systems management and residue removal. Th e levels and consistence of AC and other SOC qualities are likely to become more important if residue inputs to soils are limited due to the removal of crop biomass for biofuel production.
Lessons from Sanborn Field on changes produced in the soils from long-term management are best summarized by C.M. Woodruff (1990) as:
"Aside from the information pertaining to crops, the value of plots today and in the future lies in the assessment of the slow changes brought about in the soil (the whole profi le) by the crops, management, and treatments imposed on them. Th ese slow changes minute as they are from 1 yr to another, are not measureable except over a period of years, long enough to accumulate diff erences great enough to assess by current techniques."
Th ese words written 20 yr ago wisely summarize the philosophy of those who set up many of the long-term experiments such as Sanborn Field, the Morrow Plots and the Broadbalk plots and have maintained these plots to document and assess man's infl uence on the soil landscape and environment.
